Influence of Poling Conditions on the Gas Emission of PVDF 1 Introduction
Poling PVDF in electric fields 2 50MV/m results in a polarization by orientation of the cristallite dipoles. Under short circuit conditions about 50% of the polarization under field remains remanent. At room temperature this reinanent polarization is unchanged for many years. The enormous stability of the remanent polarization is caused by Coulomb interaction between the oriented cristallite dipoles and charge carriers which are trapped at the boundaries of the crystallites [l] . The ions migrate into the PVDF film and are partly trapped at the cristallite boundaries. Partly the ions recombine and escape from the film as H, F and HF gas during the poling process.
In former experiments we found a strong emission of HF during the poling process using a quadrupole mass spectrometer [4] . But in these experiments the possible contribution of surface discharges phenomena could not be excluded. More recent experiments with an improved electrode preparation and higher detection sensitivity verified the emission of HF gas and also weaker contributions of other chain fragments and absorbed gases like HzO and CO2 [5] . In addition we observed a very interesting time and field dependence of the gas emission ( fig. 1 ): An increasing field results in an increasing gas emission. During the period of constant field the gas emission decreases to a steady state value. Surprisingly after discharging the PVDF samples the gas emission increases momentarily to a value higher than under field. This zero voltage emission decreases with a time constant of ca. 100s. The majority of the observed masses between 1 and 50amu show the same time behaviour, but with different intensities. Poling PET under the same conditions we observed a gas emission which also increases with increasing field. But no zero voltage emission was observed [5] .
In the following we investigate the influence of the poling time and the polarity of the applied voltage on the time dependence of the gas emission of PVDF. In addition we measure the polarization distribution in the PVDF samples after the poling experiments.
Experimental
Samples used were 25pm thick, biaxially stretched PVDF films with ca. 70% p-content. The samples were on one side covered with a 20nm thick, vacuum deposited, porous gold film. The other side was evaporated with an 150nm thick A1 film. The diameter of the samples was 60". The PVDF films were Fig. 1 shows the time dependend gas emission of HF during the poling process with different poling times. Additionally the time dependence of the poling voltage is indicated. As described in section 1 the gas emission increases with increasing field strength, decreases to a steady state value under constant field and rapidly increases under short circuit conditions to a value higher than under field. Remarkable is the increasing time constant of the decrease of the zero voltage emission with increasing poling time. The half width tH of the zero voltage emission which is the time between removing the voltage and the decrease of the zero voltage emission to the half value increases from 4s at 40s poling time to 24s at 360s poling time. Fig. 2 shows the spatial polarization distribution in thickness direction of samples which were poled with different poling times. The polarization was recorded lOmm away from the outer boundary of the samples. The polarization distributions in fig. 2 represent the polarization within the first 20" from the middle area of the samples. At the boundaries we measured other distributions [7] . With increasing poling time the polarization increases, too.
Results

Influence of poling time
Simultaneously the polarization zone is getting broader. Time [SI Figure 3 : H F gas emission with negative porous electrode. Fig. 3 shows the HF gas emission of a sample which was poled 40s with E = -100MV/m (negative polarity). There is no significant difference between the gas emission at positive and negative polarity. But the zero voltage emission rises not so fast compared to fig. 1 (top) . Experiments with a time resolution of the HF gas emission of 0.05s were made to investigate this carefully. In fig. 4 the rise of the HF zero voltage gas emission after poling with positive (top) and negative polarity (bottom) is shown with this better time resolution. The maximum of the zero voltage emission at negative polarity is broader than at positi ve polarity. The zero voltage emission at positive polarity takes its maximum at this moment if the voltage is zero, but at negative polarity 0.3s later. electrode. This polarization distribution is measured in the main area of the sample, whereas in a small area in the middle we measured again a polarization near the porous negative electrode cf. fig. 2 and [7] .
Influence of the polarity
Conclusions
If need longer time to reach the porous electrode. Therefore the gas emission under short circuit conditions is delayed by poling with negative polarity compared to positive polarity.
